INTRODUCTION
The global burden of stroke is large, yet there are still gaps in our knowledge.
1 2 Although there are now reliable estimates on outcome in the early months and years after an ischaemic stroke, we know much less on long term survival and what influences it. 3 This lack of information is important for many reasons. If, for example, functional status several months after a stroke has a major influence on long term survival, this will affect clinical practice (including our communication with patients), our estimates of the future global burden and costs of stroke, and the planning of health care and research.
We estimated the relative and absolute effects of the level of functional status at six months on long term survival in three large prospective cohorts of patients with ischaemic stroke.
METHODS
We sought data from three cohorts of patients with an ischaemic stroke recruited in the United Kingdom: the Oxfordshire community stroke project, the Lothian stroke register, and the UK patients enrolled in the first international stroke trial.
Initial data collection and clinical follow-up
Oxfordshire community stroke project-This project was a community based incidence study of stroke and transient ischaemic attacks. 4 Patients were registered from 1981 to 1986. Details on the study population, clinical definitions, methods of assessment, and investigations have been described in detail elsewhere. 4 A study neurologist assessed all patients as soon as possible after the onset of symptoms. Baseline characteristics were recorded in a standardised form. Trained study nurses followed up surviving patients at one, six, and 12 months from the date of stroke onset and then annually for up to five years. When possible, a study physician assessed survivors at the end of clinical follow-up.
Lothian stroke register-The register was established to collect data on patients with suspected stroke, transient ischaemic attacks, or retinal artery occlusion from those attending outpatient clinics and admitted to one hospital in Edinburgh. The registration began in 1990 and continued to 2000. One of the study's stroke physicians examined the patient and collected baseline data as soon as possible after symptom onset. Patients were followed up at 6, 12, 24, and 36 months from the date of symptom onset. Follow-up data were obtained either by telephone interview, postal questionnaire, or home or clinic visits.
First international stroke trial-This was a randomised trial of aspirin, subcutaneous heparin, both, or neither, started within 48 hours of onset of ischaemic stroke. 5 A total of 19 435 patients were enrolled from 1991 to 1997, of whom 6257 (32%) were enrolled by hospitals in the UK. Baseline data were collected before randomisation in the trial. Final clinical follow-up at six months was by postal questionnaire or telephone interview or, in a few cases, during a clinic visit.
Collection of long term survival data At the end of planned clinical follow-up in each of the three cohorts, notes of patients who were still alive were "flagged" at the NHS central register of the Office for National Statistics (ONS). On the death of a cohort participant, ONS forwarded notification of the death and a copy of the death certificate to the study office. Patients who were not reported to have died before the close of follow-up on 16 November 2000 were assumed to be alive.
Classification of ischaemic strokes
In all three cohorts, ischaemic stroke was diagnosed with a combination of clinical criteria and brain imaging or autopsy. As these examinations excluded intracerebral haemorrhages and conditions mimicking stroke (for example, subdural haematoma or cerebral tumour), the presence of visible infarction on imaging (or autopsy) was not necessary for the diagnosis of ischaemic stroke. According to criteria from the Oxfordshire community stroke project classification, we used the clinical features to subdivide diagnosis into total anterior circulation infarct, partial anterior circulation infarct, lacunar infarct, posterior circulation infarct, or, when no clinical subtype could be assigned, cerebral infarct of indeterminate clinical subtype. 6 
Definition of outcomes
In the Oxfordshire and Lothian cohorts the level of function at six months after stroke onset was assessed by the modified Rankin scale. 7 In the international stroke trial this was done by means of the "two simple questions" that were developed to assess functional outcome after stroke in large scale trials. 8 The patients (directly or through relatives) were asked if they had needed help from another person to perform everyday activities within the past two weeks (such as bathing, feeding, walking, dressing, or use of the toilet). The Rankin score and the two simple questions are methods that both have good validity and reliability between observers and correspond well with each other. 7 9 10 We defined an independent state as Rankin score of 0-2 and a dependent state as score of 3-5. The international stroke trial classified patients who reported not needing any help to perform everyday activities within the past two weeks as independent.
Statistical analysis
We estimated survival curves in the three cohorts with the Kaplan-Meier product limit technique. We used median rather than mean to describe and compare survival from the six month assessment of functional outcome in each cohort as means are hugely influenced by the length of follow-up (which varied in the three cohorts). We performed univariate and multivariate analyses of risk factors with Cox's proportional hazards models. Data from patients who were dead at six months after stroke onset were not entered in the models as we were interested only in the impact of functional status at six months on subsequent survival. We entered age and systolic blood pressure as continuous variables. The proportionality assumption was verified with the Schoenfeld test and did not seem to be violated. 11 We used SPSS software (version 13.0 for Mac OS X) for the statistical analysis.
RESULTS

Oxfordshire cohort
This study registered 675 patients with first ever stroke. We excluded 136 (20%). Of these, 130 did not have a diagnosis of ischaemic stroke (33 had a subarachnoid haemorrhage, 65 a primary intracerebral haemorrhage, and 32 a stroke of undefined pathological type). We excluded six other patients in whom there was an apparent error in the recording of the date of death. The 539 remaining patients had a definite (n=434) or probable (n=105) ischaemic stroke. Table 1 shows the baseline characteristics and vital and dependency status at six months. Patients were followed up for a maximum of 19 years. 120 (88) 102 (84) 53 (73) 46 (69) 8 (57) 22 (79) 103 (76) 84 (69) 37 (51) 27 (40) 5 (36) 21 (75) 91 (67) 62 (51) 23 (32) 19 (28) 5 (36) 19 (68) 68 (50) 45 (37) 16 (22) 18 (27) 5 (36) 16 (57) 63 (46) 31 (26) 16 (22) 14 (21) 5 (36) 11 (50) 39 (39) 18 (19) 9 (19) 12 (19) 4 (36) 8 (45) 15 (39) 4 (16) 2 (15) 6 (17) 2 ( survival curves for patients stratified by Rankin score 0-5 at six months. There was a significant trend (log rank test, P<0.001) of decreasing survival with increasing Rankin score at six months. We entered all baseline variables in table 1 and functional status at six months after stroke onset into a univariate and multivariate Cox's regression model (table 2) . Both the separate Rankin scores and level of dependency at six months had a significant effect (P<0.05) on subsequent survival in the multivariate analyses. The more dependent a patient was at six months, the shorter their subsequent survival. Age and the presence of atrial fibrillation on examination also had a significant negative effect (P<0.001) on survival. We used a similar model to analyse the impact of the Rankin scores at one month after stroke onset. This gave generally the same results as those of the Rankin scores at six months (data not shown).
Lothian cohort
In all, 4455 patients with a stroke, transient ischaemic attack, retinal artery occlusion, or other diagnosis were entered on the register in 1990-9. We sought patients with relevant clinical features and computed tomography or magnetic resonance imaging at baseline indicating an ischaemic infarct (n=1547) or patients with normal results on computed tomography or magnetic resonance imaging at baseline and a clinical diagnosis of a probable (n=320) or definite stroke (n=629). We excluded 442 (18%) of these patients from our final analysis; 414 patients whose first follow-up occurred (for organisational reasons) at 12 months or later (hence functional status at six months was not known), seven patients who were lost to follow-up by six months, one patient in whom there was an apparent error in the recording of the date of stroke onset, and 20 patients who had refused further participation in the study at some point after entry. In our final analyses we therefore had data on 2054 patients. Table 1 shows baseline characteristics and vital and dependency status at six months. Patients were followed up for a maximum of 9.7 years. Figure 2 shows survival curves. There was a significant trend (log rank test, P<0.001) of a decrease in survival with an increase in Rankin score at six months. We entered the baseline variables in table 1 and the functional status at six months after stroke onset in a univariate and multivariate Cox's regression model (table 3) . Both the separate Rankin scores and the level of dependency had a significant effect (P<0.001) on survival in multivariate analyses. Age, sex, and the presence of atrial fibrillation also had significant negative effects (P<0.05) on survival.
International stroke trial cohort A probable or definite ischaemic stroke was diagnosed in 5139 patients recruited in the UK. We excluded 22 (0.4%) patients from the final analysis as we did not know their dependency status at six months (n=20) or there was an error in the recording of the date of death (n=2). Table 1 shows the baseline characteristics. Among the patients with probable or definite ischaemic stroke, 49% underwent computed tomography before randomisation into the trial; in the remainder the diagnosis was confirmed either by computed tomography after randomisation or by autopsy. Figure  3 shows the survival curves for patients who were 283 (100) 404 (100) 455 (100) 360 (100) 122 (100) 122 ( 392 (99) 435 (97) 342 (96) 112 (92) 89 (74) 214 (96) 318 (95) 373 (92) 265 (85) 83 (77) 67 (62) 157 (90) 253 (93) 289 (84) 202 (76) 61 (64) 43 (51) 102 (86) 181 (89) 224 (79) 140 (71) 47 (57) 28 (44) 52 (82) 117 (83) 156 (74) 91 (64) 32 (52) 24 (44) 28 (82) 83 (79) 97 (69) 55 (54) 20 (43) 12 (34) 12 (82) 46 (75) 55 (67) 22 (43) 13 (36) 6 ( independent and dependent at six months after randomisation. There was a significant effect (log rank test, P<0.001) of the level of dependency on survival. We entered all baseline variables in table 1 and the functional status at six months after stroke onset in a Cox's regression model (table 4) . The level of dependency at six months had a significant effect (P<0.001) on survival in the multivariate analysis. Age, sex, presence of atrial fibrillation on baseline examination, use of aspirin before the stroke, and stroke subtype were also significant (P<0.05).
Pooled estimate of median survival Table 5 shows estimates of the median survival time, subdivided by Rankin score, based on the combined dataset of the Lothian and Oxfordshire cohorts. There was a significant trend (log rank test P<0.001) of decreasing median survival with increasing Rankin score. Table 5 also gives estimates of median survival for independent and dependent patients based on data from all three cohorts combined. This difference was highly significant (log rank test, P<0.001).
Survival among cohorts recruited in different time periods
We compared survival in all three cohorts among independent and dependent patients who were enrolled during three different time periods (1981-6, 1990-4, and 1995-2000) . Estimated median survival for patients who were dependent at six months after stroke onset was 4.2 years among those recruited during 1981-6 and 6.5 years among those recruited during 1990-4. No accurate estimations can be given for the period 1995-2000, as over half of both dependent and independent patients were alive at the end of follow-up. We also analysed the influence of year of recruitment on two year survival in the Lothian and international stroke trial cohorts. We compared the proportions of patients who were alive at two years. Among patients recruited in 1990-4 and 1995-2000 who were independent at the six month assessment the proportions alive at two years were 90% and 93%, respectively. Among those recruited in the same years who were dependent at the six month assessment the proportions alive at two years were 80% and 81%. These differences were not significant.
We also entered the date of stroke onset (or date of randomisation in the international stroke trial cohort) as a variable in the multivariate Cox's regression analyses of each cohort. Date of stroke onset was not a significant variable in the Oxfordshire (P=0.45) and Lothian (P=0.083) cohorts. The date of randomisation was a significant variable (P<0.001) in the international stroke trial cohort. A multivariate Cox's regression analysis in the international stroke trial cohort showed that, among patients recruited in 1995-7, survival was significantly greater than among those recruited in 1991-4 (P<0.001; hazard ratio 0.82, 95% confidence interval 0.73 to 0.91).
DISCUSSION
This study provides robust estimates of the relative and absolute effects that the level of dependency six months after an ischaemic stroke has on subsequent long term survival. The impact of functional status on median survival was substantial and remained significant after adjustment for baseline variables known to influence prognosis. The findings were consistent in size and direction across these three, somewhat different, cohorts of ischaemic stroke patients.
We were surprised to see the poor survival of patients with a Rankin score of 4-5. The five year survival for this group was about 45%, which is worse than for many malignancies. Not surprisingly, median survival was negatively influenced by age at onset of stroke in all cohorts. The presence of atrial fibrillation on the first examination also significantly influenced long term survival in the three cohorts, as shown in previous studies. 12 13 Strengths and weaknesses The strength of these data rests on the fact that the cohorts were large and well characterised, the baseline data were generally complete, and follow-up was prospective and prolonged, with minimal loss to six month and prolonged follow-up. The scope for selection bias in the assembly of these cohorts was least for the community based Oxfordshire cohort and greatest for the randomised international stroke trial. We did not include 414 patients with ischaemic stroke from the Lothian study because data were collected at one year (instead of six months), but an analysis that included these 414 patients showed no significant differences in overall survival. Hence, the exclusion of these patients did not have a substantial influence on our findings in this cohort. Our analyses are based on the assumption that patients not reported as dead were alive and that official statistics are accurate. Patients who moved abroad after inclusion in one of the cohorts and died while overseas might not have been recorded if the death certificate was not sent to the UK. We also cannot exclude the further possibility that independent survivors might have been more likely, and able, to emigrate than dependent ones. These effects might have led to an overestimation of median survival in all cohorts, though we think the effect would be small because emigration, especially among elderly people, is relatively uncommon. 14 15 Relevance of findings The consistency across the three cohorts of the effect of the patient's level of dependency on subsequent survival suggests that the relative effects are generalisable. A graded effect was evident in the three cohorts, even though there were variations in case mix, time period, and location. Also, the demographics of the three studies suggest that the results are generalisable. The mean age of patients in the three cohorts (ranging from 68 to 73 years) was similar to that in large community and hospital based studies of ischaemic stroke patients. [16] [17] [18] [19] [20] [21] [22] The proportions of stroke subtypes according to the Oxfordshire community stroke project classification in our cohorts were similar to those found in other studies (though there were fewer total anterior circulation infarcts in the Lothian and Oxfordshire cohorts), as were the outcomes in terms of early case fatality and the proportion of patients who were dead or dependent at six months. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] These cohorts, however, were assembled at a time when secondary prevention in stroke survivors was much less intensive than now. Our analyses of survival during different time periods showed, as one might expect, that survival did indeed slightly improve over time. Hence, when we apply these estimates to current patients, it may be reasonable to assume that on average, at a given level of dependency, median survival would be somewhat better than portrayed here. 26 We believe that these data have several implications for clinical practice. They can be used to inform patients and their relatives about the prognosis after an ischaemic stroke. They have implications for the estimation of the impact and costs of stroke and for the planning of health care and research. Estimates of global disease burden and costs have so far relied mainly on modelling techniques. Our data could be used to assess the cost effectiveness of treatments for the acute phase of stroke. Previous studies have shown that the costs of long term care account for about half of the total costs of stroke care. [27] [28] [29] A health economics model has suggested that treatments that reduce dependency in survivors by only a modest amount might, none the less, have a substantial effect on long term survival free of dependency and hence prove highly cost effective. 30 31 Our data strongly support this hypothesis. Future studies should assess whether early interventions that reduce functional dependency at six months after onset of ischaemic stroke have positive effects on subsequent long term survival, as our study suggests.
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